


















































































































































































































































































Fig. 2-3?Photographs of the WWDJ crystallizer, in which, a pipe-shape Wall Wetter 














Fig. 2-4?Total system of the WWDJ crystallizer. 1: heating water bath, 2: cooling 
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Fig. 2-11 Change in temperature of the upper jacket (!) and water in the crystallizer (?).
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Fig. 2-13 Determination of UA of the upper jacket (?) and the lower jacket (!).
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Fig. 2-16 The photographs of the crystallizer observed from bottom (left) and top (right)


















Fig. 2-17 Temperature profiles of the solution on controlled cooling mode. (!): WWDJ 















Fig. 2-18 Photographs of inside of the crystallizer. Left: natural cooling mode, Right: 
controlled cooling mode.
??
Fig. 2-21 Cumulative size distribution of glycine crystals obtained with the WWDJ 
crystallizer(!) and the conventional crystallizer(").



































Fig. 2-23 Optical micrographs of glycine crystals obtained by Profile B in Fig. 2-22. (a): 
Conventional crystallizer, (b): WWDJ crystallizer
a b
Fig. 2-22 Two different temperature profiles of the solution cooling. Open symbols: the 
WWDJ crystallizer, closed symbols: the conventional crystallizer.




























































































Fig. 2-28 HPLC chromatogram of L-Leu solution present in 1mg/mL glycine solution.

















Fig. 2-29 Relationship between the concentration of L-Leu and its peak area measured 
by HPLC. L-Leucine was dissolved in 1 mg/mL glycine solution.





































Fig. 2-31 Comparison of L-Leu content in the crystals obtained by WWDJ crystallizer 
and conventional batch crystallizer.
??
Fig. 2-33 L-Leu content in the crystals classified by sieving.
Fig. 2-32 Size distribution of the crystals obtained from the solution containing L-Leu 














Fig. 2-34 Distribution of surface area of whole crystals obtained with the WWDJ 

































































































Fig.3-1 Schematic diagrams of mL-scale crystallizer; 1, mixing vessel; 2, high-speed 
agitator; 3, dispersing element; 4, plastic syringes; 5, syringe pump; 6, inlet tubes; 7, 
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Fig.3-4 Change in glycine and L-alanine concentration of the slurry with time. The flow 
rate was set at 1.6 mL/min (%=3.3 sec). The dotted and broken lines are the solubility of 
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Fig.3-5 SEM images of glycine crystals obtained at different average residence times; 













Fig.3-6 The size distribution of glycine crystals on the basis of the long axis length (a) 
and the number distribution of ratio of axis lengths (short / long) (b)
Residence time [s]
Glycine L-alanine
Average size [&m] CV [%] Average size [&m] CV [%]
0.33 7.5 73.3 14.4 56.3
3.3 14.7 76.6 14.6 71
33 28.7 61.4 50.7 57.1
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Fig.3-7 SEM images of L-alanine crystals obtained at different average residence times; 


















Fig.3-8 The size distribution of L-alanine crystals on the basis of the long axis length (a) 
and the number distribution of ratio of axis lengths (short / long) (b)
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Fig.3-9 SEM images of L-alanine crystals obtained at different methanol compositions; 















Fig. 3-10 SEM images of glycine crystals obtained at different methanol composition; 















Fig. 3-11 XDR profiles of glycine crystals obtained at different methanol composition
(% = 3.3 sec).











Fig. 3-12 XDR profiles of glycine crystals obtained at different methanol composition






















Table 3-3 Summary of polymorphs of the glycine crystals obtained at different
methanol composition and residence time. 
Methanol composition (%)










































Fig.3-13 SEM images of glycine crystals obtained by semi-batch (A), continuous (B) 











































































































































Fig. 4-2 Schematic diagram of the microwave generation apparatus. 1: microwave 


















Fig. 4-3 Crystallization glass vessel (1; magnetic stirrer, 2; cooling jacket, 3; inlet of 















Fig. 4-4 Increase of temperature of various solvent during microwave irradiation
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Fig. 4-6 Change in the rising rate of temperature of ibuprofen-hexane solution. 100 W of 
microwave was irradiated to the solution for 60 sec.










































































































Fig. 4-13 Change in the temperature of the IBP-hexane solution containing acetone 
during the cooling crystallization. (blue) no microwave irradiation, (red) 100W of the 















Fig. 4-14 Photographs of the ibuprofen crystals obtained from the solution containing 
0.35 % acetone. (a) no microwave irradiation, (b) 100W of the microwave was 




















Fig. 4-15 Crystal size distribution of the obtained crystals. (blue) no microwave 
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